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A group of N-substituted carbamoyl- and thiocarbamoyl-aminomethyl-dimethyl-phosphine 
oxides 1-9 have been synthesized. These compounds were prepared via reaction of ami- 
nomethyl-dimethyl-phosphine oxide with the corresponding isocyanates and isothiocyanates. 
The composition of the new compounds was proved by elemental analysis of nitrogen and 
their structure was confirmed by IR, 'H and 31P{H} MNR spectroscopy and mass spectrom- 
etry. 

Keywords: N-Substituted-carbamoyl- and thiocarbamoyl-aminomethyl-dimethyl-phoshine 
oxides; synthesis; aminomethyl-dimethyl-phosphine oxide; isocyanates; isothiocyanates 

This paper is dedicated to the memory of Academician M.1. Kabachnik and Prof. Dr. EN. 
Tsvetkov. 

INTRODUCTION 

The tertiary phosphine oxides are a large group of organo-phosphorus-com- 
pounds['21. A lot of them find practical  application^[^]. During the last 10- 
15 years a great number of such compounds based on chloromethyl-dimeth- 
ylphosphine oxide, bis(chloromethy1)methyl-phosphine c ~ x i d e [ ~ ' ~ ] ,  and 

* The author to whom all correspondence should be sent. 
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54 VICTORIA LACHKOVA et al. 

corresponding phosphorus-containing primary mono and diamines''. ' I ]  

have been synthesized. The majority of the compounds discussed exhibit 
biological activity, e.g. platinum complexes and nitrosourea derivatives of 
the aminomethyl-dimethyl-phosphine oxide and bis(aminomethy1)methyl- 
phosphine oxide possess an antitumor activity being of low toxicity[13. 15]. 
A series of l-dimethyl-phosphinylmethylene-4- aryl-piperazines, synthe- 
sized by Glamkowski et al., exert an antihipertensive effect['], while the 
phenoxy-phenyl-aminoalkyl-phosphine oxides, prepared by L. Maier, are 
proved to be active herbicides[I7. '81, Benzodiazepine, alkylated through 
its amide nitrogen atom with dimethyl-phosphinyl-methylene group, 
showed to be neurotropically effe~tivel'~]. 

The present work continues our investigations on functionalized tertiary 
phosphine  oxide^[^-'^] and reports the preparation of N-substituted car- 
bamoyl-and thiocarbamoyl-aminomethyl-dimethyl-phosphine oxides 1-9. 
They are expected to show biological activity and complex-forming prop- 
erties with metal ions as well. 

RESULTS AND DISCUSSIONS 

N-Substituted carbamoyl-and thiocarbamoyl-aminomethyl-dimethyl-phos- 
phine oxide 1-9 (Table I) were prepared by interaction of different isocy- 
anates or isothiocyanates with aminornethyl-dimethyl-phosphine oxide in 
methylenechloride at room temperature (Scheme 1). The method was cho- 
sen because it is a known rout for the preparation of asymmetric N-substi- 
tuted urea and thiourea I .  It is realized at room temperature 
in organic solvents with high yields because of high reactivity of isocy- 
anates and isothiocyanates. The resulting products are usually crystallized 
from the reaction mixtures and separated by filtration. Moreover, this 
method allows to use in it as a starting organophosphorus compound ami- 
nomethyl-dimethyl-phosphine oxide synthesized by L. Maier[I7* "I and 

The reaction between the reagents proceeds as a nucleophilic addition of 
the aminomethyl-dimethyl-phosphine oxide to the isocyanates or isothio- 
cyanates respectively according to the Scheme 1. 

Williams and Jewncks[221 had shown that in the case with the isocy- 
anates the reactions run through a stepwise mechanism with the formation 

us'l". 
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X = O  or S 

SCHEME 1 

of the intermediate zwitterion {ZI}. They have also established that with 
the strongly basic amines this reaction proceeds without any catalyst, but 
for weakly basic amines it is necessary to use a catalyst to transform the 
zwitenon {ZI} to the corresponding urea derivative[221. As seen from 
Table I all compounds 1-9 were produced with very high yields (about or 
over 90%). These results and the conclusions of Williams and Jencks 
allow us to assume that the aminomethyl-dimethyl-phosphine oxide, in 
spite of its low basicity (pK, = 6.23) as compared to the basicity of pri- 
mary aliphatic amines (pK, 2 10.00)[23. 241, has enough nucleophilicy to 
react very easily with isocyanates and isothiocyanates at room temperature 
without application of any catalyst. The exothermal effect, which was reg- 
istered during the preparation of compounds 1-9 could be another evi- 
dence for the very high reactivity of aminomethyl-dimethyl-phosphine 
oxide in the reaction with isocyanates and isothiocyanates used. The exo- 
thermal effect with the isothiocyanates was smaller than that with the iso- 
cyanates, which is an indication of their less reactivity. It should be noted 
that all compounds 1-9 were formed with high purity ( the crude products 
melted at temperatures only 1-2OC below that of the corresponding ana- 
lyzed substances). That means that no side reactions occurred during their 
preparations. 
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58 VICTORIA LACHKOVA ef al. 

Some preparative and analytical data of the N-substituted carbamoyl- 
and thiocarbamoyl-aminomethyl-dimethyl-phosphine oxides 1-9 are 
given in Table I. The compounds are colourless crystal substances with 
comparatively high melting points, which are higher than the melting 
points of known similar carbamoyl and thiocarbamoyl derivatives of 
2-aminophosphonic acids dialkyl esters[253 261. This fact could be 
explained by the stronger hydrogen bonds formed by the carbamoyl and thi- 
ocarbamoyl derivatives 1-9 since they include a tertiary phosphine oxide 
phosphoryl group which is more polar than the phosphonate phosphoryl 
group, which is present in the 2-aminophosphonic acids derivatives. 

The compounds 1-9 are easily dissolved in DMSO and DMFA and are 
less soluble in methanol, ethanol, dichloromethane and chloroform. They 
are sparingly soluble in acetone, diethyl ether, tetrahydrofuran, dioxane, 
aliphatic and aromatic hydrocarbons and are insoluble in water. 

The expected composition of 1-9 was established by elemental analysis 
for nitrogen (Table I).Their structure was confirmed by IR, 'H and 31P{H} 
NMR spectroscopy and by mass spectrometry. 

The infrared spectra (Table 11) showed characteristic bands assigned to 
the phosphoryl group (P=O) at 1140-1156 cm-', methyl group bonded to a 
phosphorus atom (CH3P) at 1294-1310 cm-', bands of carbonyl group 
(C=O) nonbonded to hydrogen bonds at 1688-1692 cm-' (Amide I) and 
thiocarbonyl groups (C=S) at 937 -946 cm-', 1078-1088 cm-' and 1292- 
1296 cm-'(corresponding to Amide I)'27* 261, bands of NH groups associ- 
ated via hydrogen bonds at 1540-1561 cm-' (Amide 11) and several bands 
at 3132-3320 cm-', characteristic bands for C-N bonds at 1403- 
1423 cm-' (Amide 111). There are bands of aromatic rings at 1490-1500 
cm-I and 1592-1614 cm-', respectively. The former are more intensive 
than the latter in all the cases. The bands of the phosphoryl group (P=O) of 
1-9 are shifted with 30-50 cm-' to the lower frequencies as compared to 
the nonsubstituted tertiary phosphine oxide, which is due to its association 
with the N-H amide protons via hydrogen bonds[291. 

'H NMR spectra of 1-9 (Table 111) showed resonance signals as doublets 
for the methyl group protons CH3-P=O at 1.3 1-1.66 ppm and 2JHp=12.5- 
12.7 Hz. The resonance signals for the methylene group protons CH2P=0 
of 1-4 were registered as doublets of doublets, because of coupling with 
the phosphorus atom and the amide protons, while with thiourea deriva- 
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DERIVATIVES OF AMINOMETHYL-DIMETHYLPHOSPHINE OXIDE 59 

tives 5-9 these signals were triplets, both at 3.74-4.33 ppm and 2JHp=4.1 
- 5.4 Hz and 3JHH 1.3 - 1.9 Hz, respectively. The resonance signals for the 
methylene protons of all compounds, after D20 exchange were trans- 
formed to doublets, since the coupling with the amide N-B protons disap- 
peared. The resonance signals for the N-H amide group protons, bonded 
via methylene group to the phosphorus atom (NU-CH2-P=O) of 1-4, were 
registered as triplets at 7.04 - 7.58 pprn and 3 J ~ ~ = 1  3-7.4 Hz. The reso- 
nance signals of the latter protons in thiourea 5-9 were observed as broad 
singlets at 8.04-8.30 ppm. The resonance signals of the second amide 
group protons of all compounds were singlets at 7.71 - 9.77 ppm. The sig- 
nals of both NH protons disappeared after D2O exchange. The signals for 
the protons of the fragment CH3CH2N-C(S) of 8 were at: CH3 protons at: 
6=1.22(t) and 3JHH=7.3 Hz and CH2 protons at 3.59(qd) ppm with 
3 J ~ ~ = 7 . 2  HZ and 3 ~ H H = 5 . ~  HZ. The signal of the methylene protons was a 
quartet of doublets at 3.59 ppm, because of the coupling with methyl 
group protons and NH amide proton. The signals for the latter protons 
after DzO exchange were transformed to a quartet at 3.58 pprn and 
3JHH=7.3 Hz, since the coupling with N-H protons disappeared. The reso- 
nance signal of the thioamide proton PhCH2-N&C(S) of 7 overlapped 
with the signals for aromatic protons, which was confirmed by the reduced 
integral intensity of aromatic protons after D20 exchange. 

31P{H} NMR spectra of 1-9 were singlet resonance signals in the range 
of +45.68 to 46 .52  ppm typical of tertiary phosphine oxides containing 
two methyl groups and a methylene group at the phosphorus atom4. 

As expected all compounds can excellently be measured by electron 
impact (EI) mass spectrometry. Significant mass spectrometric data (EI: 
70 eV) that confirm the proposed structures and compositions of the com- 
pounds are presented in Table IV. In all spectra signals that are due to the 
molecular ions can be found in quite good intensities. It should be noted 
that peaks for [M+H]+, whose occurrence has been reported in EI mass 
spectra of similar aminophosphine cannot be observed. No 
isomerization reaction of the molecular ions takes place as shown for 
[MI'. of prototypical trimethylphosphine oxide (CH3)3P(0). The latter 
rearranges spontaneously to an ylidion (CH3)2P+(OH)CH2 with positive 
charge located on the phosphorus and the unpaired electron on the carbon 
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The carbamoyl compounds 1 4  show a quite similar main fragmentation 
behaviour as the thiocarbamoyl compounds 5-9. In general the intensities 
of the molecular ion peaks of the latter are significantly higher. [MI+. frag- 
ments mainly via a-cleavage to the C=X group (X=O or S) and loss of 
RNH, with formation of [(CH,),P(O)CH,NHCX]+ (X=O: d z  134; S: 
150). In the lower mass range the spectra exhibit abundant signals for 
[(CH3)2PH(OH)]+(m/z 79), formed by H-migration, [(CH3)2POH]+. ( d z  
78), the a-cleavage product to the P=O group, [(CH3)2P=O]+ ( d z  77) and 
the phosphenium ion [CH3POH]+ ( d z  63). All spectra are characterized 
by intense signals for the [RNH2]+. or [RNH]'. There is experimental evi- 
dence that the amine radical ions are formed by EI fragmentation of the 
molecular ion but the origin of the hydrogen is unknown. A contamination 
of the substances by amine is unlikely. 

EXPERIMENTAL 

Starting materials 

Aminomethyl-dimethyl-phosphine oxide was prepared according to refer- 
ence" ' ]. The used isocianates and isothiocyanates were commercially 
available products from Fluka and Merck. The solvents were dried by 
standart procedures before use. 

Characterization of the prepared compounds 1-9 

The elemental analysis for nitrogen content was performed according to 
method of Duma. The melting points were measured on a Boetzius micro- 
heating plate PHMK 05 (Germany) and were uncorrected. Infrared spectra 
(400-4000 cm-') were recorded on a Bruker Vector 22 spectrometer as 
KBr pellets. The 'H NMR spectra were taken on a Bruker Avance 200 
spectrometer at 200.13 MHz in CDC13 as a solvent using tetramethylsilane 
as internal standard. The 31P{H} spectra were registered in CDCI3 on the 
same spectrometer at 81.01 MHz. The chemical shifts are given against 
85% H3P04. 

EI-mass spectra (EI-MS) were measured at 70 eV, 2OOOC and direct inlet 
system on a Varian MAT 311A mass spectrometer. 
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General procedure for  the preparation of N-substituted carbamoyl- 
and thiocarbamoyl-aminomethyl-dimethyl-phosphine oxides 1-9 
To a stirred solution of aminomethyl-dimethyl-phosphine oxide 
(3.0 mmol) in dry methylenechloride (2.0 ml) at room temperature was 
added dropwise a solution of isocyanate or isothiocyanate (3.0 mmol) in 
dry methylenechloride (2.0 ml). After the slightly exothermal reaction was 
completed, the reaction mixture was allowed to stay at room temperature 
for about 3 hrs and cooled. The precipitate was isolated by filtration, 
washed with dry diethyl ether and dried. The prepared crude product was 
recrystalized from ethanol till a constant melting point. 

The preparative and analytical data of compounds 1-9 are presented in 
Table I. 
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